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ABSTRACT

Background: Apis cerana is a distinct pollinator species that holds a crucial role in ecosystem management. It is known
for facilitating the reproduction of various flowering plants and producing rich-flavoured honey.

Objective: To study the biochemical composition, antioxidant properties and spectral fingerprints of three locally sourced
A. cerana honey varieties: Mustard, Buckwheat and Multifloral, collected from the Bodoland Territorial Region (BTR),
Northeastern India.

Methodology: Exploratory characterization of the honey samples was performed using standard biochemical assays and
ATR-FTIR spectroscopy technique.

Results: The analyzed honey samples had low pH levels, indicating a moderately acidic nature. Buckwheat honey
exhibited the highest moisture (15.54 + 0.49 %), protein (1.39 £ 0.27 g/100g), TPC (446.66 + 1.33 mg Gar/100g), TFC
(40.20 £ 0.06 mg o/ 100g) and RSA (78.82 £ 0.35 %). FTIR spectra demonstrated prominent peaks associated with water,
carbohydrates, phenolics, organic acids and lipids in honey samples.

Conclusion: Results indicate that the biochemical, antioxidant and spectroscopic features of honey samples varied based
on their floral origin. Buckwheat honey displayed a relatively higher antioxidant activity with lower sugar concentration.
The findings provide insights to support honey authentication and advancement in apiculture practices.
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INTRODUCTION

Beekeeping (Apiculture) is an important agro-based practice in the Northeastern region of India. It involves managing
bee colonies to produce honey, wax and pollen, thereby contributing to pollination services [1]. In general, many regions
of India have shared a profound connection with beekeeping practice since ancient times, with people undertaking it as a
full-time occupation or hobby to support their livelihood for income generation [2]. Bees make honey by converting floral
nectar, plant secretions or the excretion of plant-sucking insects into simple sugars [3]. The importance of honey as an
essential food source in the human diet and lifestyle is documented in ancient literature and cave paintings, illustrating
the harvest and consumption of wild honey by early hominins [4]. Natural honey is composed of various biomolecules,
including sugars, enzymes, water, amino acids, bioactive compounds and minerals [5].

Honey biochemistry is largely determined by the nectar, geographical location and processing techniques [6]. The
variations may also be linked to the foraging activity of different honeybees as they travel several kilometres from the
hive in search of suitable nectar sources, depending largely on their preferences and accessibility [7]. Apis cerana, the
Asian honeybee, has an estimated foraging distance of 1.5-2.5 km and shows excellent adaptation to scattered nectar
sources, with more frequent foraging trips, higher foraging rates, less sugar consumption and greater longevity than certain
closely related species [8]. It is also known for producing high-quality, nutritionally rich honey from diverse botanical
sources, owing to its prolonged nectar cycle and ability to produce hive products even during the dearth period [9]. Honey
produced by A. cerena is utilized in both traditional and contemporary medicine for its beneficial properties, including
antioxidant, antimicrobial, anti-inflammatory and wound-healing effects [10]. Thus, the long—standing use of honey by
humans is associated with its complex nature, leading to unique nutritional and therapeutic potentials [11]. The presence
of complex compounds such as polyphenols, flavonoids and other bioactive constituents in honey is considered beneficial
in enhancing human health [12]. Worker bees generally forage on various nectar sources including yellow mustard bloom
(Brassica juncea), the white-pink flowers of buckwheat (Fagopyrum esculentum) and various wildflowers, thus can be
classified as mustard, buckwheat and multifloral honey based on their pollen dominance [13].

The classification of honey by botanical and geographical origin is important for evaluating its health benefits and
potential contamination. It is generally accomplished by the melissopalynology technique, through microscopic
identification of pollen grains in honey with reference to published pollen slides and atlases [14]. The chemical parameters
in honey, mainly pH, moisture, protein, phenolic, flavonoids and antioxidants, have been examined across different
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varieties to explore their nutritional and commercial relevance [15]. Apart from traditional methods, approaches focusing
on the association of physicochemical parameters with specific identification markers in various honeys have emerged
[16]. FTIR spectroscopy is a rapid and non-destructive method used for assessment of honey based on the differential
vibrational patterns of the functional groups. The Attenuated Total Reflectance (ATR) sampling technology is commonly
integrated with FTIR spectroscopy, allowing examination of the samples in either solid or liquid state without the
requirement for extensive preparation [17].

Even though honey is considered a livestock product, its supply chain to consumers is unique compared to other
agriculture-based food chains as it undergoes very minimal processing [18]. Honey is a complete natural product with
wide applications due to its versatile health-promoting properties distinct to bee—flora diversity and specific location [19].
While honey is primarily consumed for its nutritional benefits, consumers are often seen forming strong bonds with the
place it is harvested. Generally, consumers’ trust is closely linked to the availability of sufficient reliable information
about the honey, particularly its nutritional composition on the label, enabling them to make better-informed choices [20].
The study aims to investigate the biochemical and spectral fingerprints of honeys produced by 4. cerana in the Bodoland
Territorial Region (BTR) located within the state of Assam in Northeastern India for assessment of quality, traceability
and authenticity.

MATERIALS AND METHODS

Study site

Freshly extracted mustard, buckwheat and multifloral honey were procured from Bodoland Territorial Region (BTR),
Northeastern India. BTR, lying within the geographical region of 26" 7'12"N to 26 "47'50"N latitude and 89°47'40"E to
92°18'30"E longitude, is a prominent agricultural site in Assam, a state near the foothills of the Bhutan—Himalayan ranges.
The region is known for its agro-based food products and beekeeping practices, along with traditional skills in wild honey
harvesting. Indigenous people in BTR have engaged in apiculture for generations to gather honey and support crop
pollination.

Sample Collection

Honey samples were harvested by the beekeepers from apiaries by gently removing the frame, uncapping the honeycomb
and squeezing out the honey using the crush and strain method. The collection was done during the peak honey flow
period from January 2023 to April 2024, when there is bloom in the nectar source for honeybees to store honey. Following
extraction, all samples were poured through the strainer and kept in clean, sterile glass bottles until further analysis (Fig

).
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Fig 1: Honey samples collected from BTR, Assam, India

Determination of physicochemical and antioxidant properties

pH value

For determining the pH of honey samples, 10 g honey was added to 75 mL distilled water and stirred to form a solution.
The pH readings of the solutions were recorded using a p pH System 361pH meter following the method described by
the Association of Official Analytical Chemists [21].

Moisture (%)
Estimation of the moisture content was conducted according to the method described by the Association of Official
Analytical Chemists [21]. Briefly, 3 g honey was weighed and burned at a constant temperature of 100 °C for 3 hours

using a hot air oven. The sample was allowed to cool, and the percentage moisture was calculated as: Moisture Content
(%) = [(Fresh Weight—Dry Weight)/Fresh Weight] x 100.
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Ash (0/0)

Determination of ash content was conducted using the incineration method described in the Association of Official
Analytical Chemists [21], whereby the porcelain crucibles were washed and oven-dried for 20 mins. The crucibles were
pre-weighed, and a 5 g honey sample in a porcelain crucible was incinerated for 2 hours at 500 °C in a muffle furnace.
Finally, the crucibles were removed from the furnace, left to cool, and the ash content was calculated as: Ash (%) =
(Weight of Ash/Weight of Sample) x 100.

Total Sugar

Sugar was measured using the refractometric analysis technique with a Brix Handheld Refractometer [22]. Initially, honey
samples were diluted in water and stirred well to make a 25 % (w/v) honey solution. The amount of total sugar was
measured and expressed in g/100g.

Proline Content

Determination of proline was performed using ninhydrin solution for colour complex formation and proline as standard.
0.5 mL honey was mixed with 1 mL 80 % formic acid, followed by the addition of 1 mL ninhydrin solution to the mixture.
The solution was shaken for 15 min and left in a hot water bath (15 min). 5 mL 2-propanol (50 %, v/v) was mixed into
the solution and absorbance of the honey solution and the blank was measured at 510 nm wavelength [23]. Proline was
calculated as: Proline (mg/kg) = (E/Ea) x (Ei/E>) x 80.

Hydroxymethylfurfural

5-Hydroxymethylfurfural was estimated with the White Spectrophotometric method [24]. 5g honey was treated with the
clarifying agent (Carrez solution-I & Carrez solution-II), and the volume was adjusted to 100 mL with distilled water.
Next, the solution was filtered and absorbance was measured with a portion mixed with 0.2 % sodium disulfite at
wavelengths 284 nm and 336 nm. HMF was calculated as: HMF (mg/kg) = (Asa—As3e) x 149.7 x 5/W.

Crude Protein

For determination of protein, the micro-Kjeldahl method consisting of three distinct steps: digestion, distillation and
titration was adopted [21]. Organic nitrogen in 0.2 g honey held in a digestion flask was converted to ammonium sulphate
by adding 10 mL sulphuric acid in the presence of 3 g mixed catalyst (Potassium sulphate and Copper sulphate) until a
greenish colour appeared. When the mixture cooled, 30 mL distilled water was added gradually, and the sample was
alkalized with sodium hydroxide. The mixture was distilled into boric acid solution by adding two drops of methyl red
and one drop of bromocresol green. The ammonium nitrogen concentration was estimated by titrating against 0.1 N HCL
and multiplying by 6.25, a universal conversion factor for protein estimation.

Total Phenolic Content (TPC)

Total phenolic content in honey was estimated by using the Folin-Ciocalteu method [25]. Briefly, 1 mL Folin-Ciocalteu
reagent was added to 1 mL honey and shaken till the mixture was properly dissolved. After 3 min, I mL 10% Na>COs
solution was added to the mixture and the volume adjusted to 10 mL using distilled water. Consequently, the mixture was
left to incubate in the dark for 90 min, followed by measuring the absorbance at a wavelength of 760 nm in a UV-Vis
Spectrophotometer (model no. UV-19001i) against the blank. Results were presented as mg gallic acid equivalents (GAEs)
per 100g honey sample.

Total Flavonoid Content (TFC)

Determination of flavonoids was conducted using the Aluminium Chloride method [26]. Firstly, 200 puL of the methanolic
extract of each honey was suspended in 0.2 mL NaNO; (5 % w/v), and 0.2 mL AICI; was added to the mixture. Then the
mixture was neutralized with 2 mL NaOH (1N) solution and the volume adjusted to 5 mL using distilled water. Methanol
was used as the solvent in the blank solution. The incubation of the solution was done at room temperature for 15 min
and absorbance was taken at 510 nm with UV-Vis Spectrophotometer (Model No: UV-1900i). Flavonoid content was
calculated from the Quercetin standard curve and expressed in mg quercetin equivalents (QE)/100g honey.

Radical Scavenging Activity (%)

Radical scavenging activity was determined using the DPPH (2,2—diphenyl-1—-picrylhydrazyl) assay [27]. For the
preparation of DPPH solution, 4 mg DPPH was dissolved in 100 mL 99% methanol. Furthermore, 1 g of honey extract
was suspended in 25 mL methanolic DPPH solution and shaken vigorously until mixed well. The mixture obtained was
filtered using filter paper and kept in the dark for 15 min. Consequently, 0.008 g ascorbic acid was added to 8 mL methanol
and stored as a standard reference. The serial dilutions at concentrations 10, 20, 40, 60 and 80 ug/mL were prepared and
incubated for 20 min at room temperature. Absorbance of the samples at 517 nm wavelength was noted and percentage
radical-scavenging calculated as: RSA (%) = [(A—B)/A] x 100, where A = absorbance of control; B = absorbance of
sample.

Attenuated Total Reflectance-Fourier Transform Infrared Spectroscopy (ATR-FTIR)

The PerkinElmer Spectrum IR Version 10.6.1 was used to obtain infrared spectra for honey samples. The samples were
subjected to a mid-infrared wavenumber range of 4000400 cm-1. Firstly, the spectrum of air was collected under the
same conditions as that of the investigated samples. Later, the spectra of the air were subtracted from the spectra of the
samples to get the FTIR spectra of honey. 1 mL pure honey was loaded into the ATR crystal core centre, and estimation

Genetics and Molecular Research 25 (14s): 2026 3



was done in triplicate. Averages of the FTIR-ATR spectra for honey samples were calculated, and functional groups in
honey were identified [28].

Statistical analysis
All analysis were done in triplicate and results were reported as mean + standard deviation using Microsoft Excel 2007
software package, Version 2410.

RESULTS AND DISCUSSION

Physicochemical parameters

The pH level is an important parameter that reflects the slightly acidic characteristic of natural honey, resulting from the
presence of different organic acids. It can act as a key indicator for discriminating honeys derived from various botanical
sources and geographical locations [29]. The pH values of the analyzed honey samples were found within the widely
accepted range of 3.4-6.1 [30]. Mustard honey showed the lowest pH value (3.42 + 0.16) while Buckwheat honey
displayed the highest pH (4.16 + 0.69) (Table 1). Low pH in natural honey is crucial as it contributes to its antimicrobial
and wound healing properties, which enhance tissue repair by reducing protease activity on the wound site, increasing
oxygen release from haemoglobin and stimulating the activity of fibroblast and macrophage cells [31]. In addition,
moisture content represents the stability and susceptibility of honey against factors affecting its shelf-life such as
fermentation and granulation [32]. The percentage moisture in samples ranged within the standard limit (max. 20 %).
However, the highest moisture was found in Buckwheat honey (15.54 £ 0.49 %) while the lowest was observed in
Multifloral honey (11.02 £ 0.48 %). Generally, honey with higher moisture percentage is more prone to fermentation and
degradation from the action of certain osmotolerant yeast that thrives in moist conditions like that of honey [33]. In
contrast, low moisture in honey has been known to enhance its antimicrobial properties, allowing only a few
microorganisms to survive in such an extreme environment [34].

Amongst the analyzed honeys, Mustard honey had the lowest ash content (0.06 + 0.01 %) while Multifloral honey showed
the highest ash content (0.14 £+ 0.01 %). Despite its presence in small amounts, ash in honey correlates with its mineral
concentration, which ultimately depends on the nectar composition of the predominant floral resources [35]. Moreover,
the honey sugars function as a major energy source and constitute an important nutritional component, similar to those
found in fruits, as they are easily digestible [36]. The highest sugar content was demonstrated by Mustard honey (79.24
+ 0.33 g/100g); however, Buckwheat honey exhibited the least sugar (68.51 £ 0.26 g/100g). This is in accordance with
the fact that honey is a concentrated mixture of sugar components, including simple sugars (dextrose, levulose, glucose,
fructose) and at least 22 other complex sugars in water [37]. Nevertheless, sugars in honey can eliminate unpleasant odour
from burns and skin ulcers, helping in wound healing, as pathogenic bacteria prefer to use the sugar from the honey as an
alternative to amino acids from serum and dead tissue [38].

Proline is the most abundant amino acid in honey and an excellent choice as the standard for evaluating amino acid levels
[39]. The proline content in honey samples ranged from 280.50 = 0.46 to 520.83 + 0.65 mg/kg. Since proline is a crucial
qualitative criterion, it is useful in the prediction of honey ripeness and adulteration; if proline is found in a concentration
less than the standard limit, i.e. > 180 mg/kg [39]. 5-hydroxymethylfurfural (HMF) is an organic compound formed from
the reducing sugars in honey. Being a neo-forming substance, HMF can be influenced by various factors including the
honey extraction, processing and storage conditions. It is thus a suitable marker for evaluating honey quality and
authenticity [40]. HMF values in honey samples were within the standard limit, i.e., max. 80 mg/kg. Buckwheat honey
showed the lowest HMF content with a mean value (5.18 £+ 0.05 mg/kg). Mustard honey had the highest HMF content
with a mean value (18.24 + 0.25 mg/kg). Usually, higher HMF content in honey can signify inadequate storage conditions
or excessive heating during honey processing [41]. The protein in honey originates mainly from the salivary and
hypopharyngeal glands of worker bees, apart from the enzymatic reaction of bee saliva with plant pollen [42]. The
difference in protein content amongst differently sourced honey is related to both its entomological and botanical origin
[43]. The highest protein was observed in Buckwheat honey (1.39 + 0.27 g/100g) while Multifloral honey exhibited the
lowest protein content (0.67 + 0.41 g/100g). Despite low concentration, honey proteins serve as vital bioactive markers
for authentication and possess pharmacological properties including antioxidant, anti-inflammatory and anti-microbial
capacity [44].

Antioxidant properties

Total phenolic content contributes to the nutritional and antioxidant capacity of honey [45]. Besides other bioactive
compounds, phenolic acids in honey impact its overall antioxidant potential, which differs according to its floral source
as well as geographical location [46]. Buckwheat honey showed the highest phenolic content (446.66 £ 1.33 mg
6ae/100g), while the lowest was observed in Multifloral honey (245.55 + 0.98 mg ar/100g). Amongst all the analyzed
samples, Buckwheat honey was the darkest in colour while Multifloral honey was the lightest. It has been suggested that
the darker coloured honey has higher phenolic content than light-coloured honey varieties. Many studies have reported
that darker-coloured honey usually contains higher phenolics and antioxidant capacity [47,48]. A similar result has been
reported from the previous study on six different unifloral honeys, with the dark-coloured honey possessing the highest
phenolic content and antioxidant capacity [49]. The highest level of flavonoids was exhibited by Buckwheat honey (40.20
+ 0.06 mg oe/100g), with Mustard honey exhibiting the lowest flavonoid content (18.25 + 0.02 mg o&/100g). Flavonoids
can also serve as potential markers for determining botanical origin, which are exclusively associated with nectar sources
and bee species. However, factors like prolonged storage conditions and processing techniques should be considered they
can lead to changes and a decline in the concentration of antioxidant compounds [50]. The DPPH activity of honey
samples representing the concentration at which 50 % scavenging of free radicals occurred was determined, and the values
are reported in Table 1. The DPPH radical scavenging activity of the analyzed honey variants ranged from 62.46 + 1.28
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% to 78.82 + 0.35 %. The results suggest that Buckwheat honey had the highest radical scavenging potential compared

to other samples. Honey antioxidant capacity is greatly influenced by the amount of phenolic and flavonoid compounds
[51,52].

Table 1: Biochemical parameters of A. cerana honeys from BTR, Assam, Northeast India

Biochemical parameters Mustard Honey Buckwheat Honey Multifloral Honey
pH (%) 342+0.16 4.16 +0.69 3.68 £0.54
Moisture (%) 14.60 + 0.35 15.54+0.49 11.02 £ 0.48
Ash (%) 0.06 + 0.01 0.10+0.06 0.14+0.01
Total Sugar (g/100g) 79.24 +£0.33 68.51 +£0.26 70.14 +£0.02
Proline (mg/kg) 280.50 £ 0.46 412.30 £ 1.58 520.83 £ 0.65
HMF (mg/kg) 18.24 £ 0.25 5.18+0.05 13.51 £0.91
Protein (g/100g) 1.11+£0.6 1.39+0.27 0.67+041
TPC (mg cae/ 100g) 352.21£0.09 446.66 + 1.33 245.55 +0.98
TFC (mg q&/ 100g) 18.25+0.02 40.20 +0.06 20.72+0.05
RSA (%) 62.46 = 1.28 78.82 £0.35 66.43 +1.13

Results are shown as mean + standard deviation.

ATR-FTIR Spectroscopy

Honey samples were characterized using ATR-FTIR spectroscopy based on different infrared spectra obtained (Fig 2,3,4).
The broad band observed at 3271.48 to 3272.24 cm™ may be due to stretching vibrations from O-H groups in water,
carbohydrates and organic acids. Furthermore, the region demonstrated stretching vibrations; specifically, from carboxylic
acids and the NHj stretching band of amino acids, indicating an area showing stretching vibrations primarily driven by
sugars in honey’s chemical skeleton [53]. Another peak region around 2931.67 to 2934.83 c¢cm™! in honey samples is
vibrations arising from biomolecules including cellulose and lipids; prominently due to C-H stretching in CH, and CHj3
groups and NHj in free amino acids. The bands around 1643.21 to 1643.98 cm'! are from stretching vibrations, namely
C=0 in amide I, C=O0 in fatty acid, C=C in unsaturated lipids, O-H deformation in cellulose and H,O. Peaks around
1416.50 to 1416.79 cm! can result from deformation in O-CH and C-C-H of sugar molecules or -OH deformation in the
C-OH group [32]. Additional broad bands observed within the range 1345.85 to 1255.96 cm™' may arise due to
deformations of O-H, C-O, C-H and C=C, likely corresponding to phenolics in honey [54]. The interesting peaks at
1147.24 cm™ and 1147.64 cm™ were present only in Buckwheat and Multifloral honey, respectively, which may
correspond to the C-O and C-O-C group vibrations [55]. A further intense band within 1051.73 to 918.27 cm™! may result
from stretching in C-O of the C-OH group or C-C in the carbohydrate structure [56]. Peaks lying in the terminal region
around 866.14 to 776.42 cm™! may be attributed to vibrations in the anomeric region of the sugar molecules [57].

A. cerana mustard honey
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Fig 2: FTIR spectrum of Mustard honey
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—— A. cerana multifloral honey
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CONCLUSION

A. cerana honey samples from BTR, Northeastern India were evaluated based on variations in their physicochemical
parameters, antioxidant capacity and ATR-FTIR spectral patterns. All the honey samples were slightly acidic with
parameters lying within the established standard limits. Among the samples, the highest sugar content was demonstrated
by Mustard honey, whereas the Buckwheat honey showed the lowest sugar content. Buckwheat honey exhibited the lowest
HMF value but demonstrated high protein, TPC, TFC and Radical Scavenging activity. ATR-FTIR Spectroscopy revealed
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that although the overall spectral features of the honey samples were nearly comparable, variations were observed in the
characteristic absorbance peaks. Notably, the results showed distinct peaks in Buckwheat honey that were absent in other
variants. The findings indicate that different honeys can be differentiated and authenticated depending on varying
biochemical composition and infrared spectral properties. The results provide valuable insights that will help in
authenticating differently sourced honeys and support further intensive studies.
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